Uncontrolled hemorrhage and exsanguination are the leading cause of preventable death, and resuscitative therapy is a critical component for survival. In various combinations, fresh whole blood, blood components, colloids, and crystalloids have all been staples of trauma care. The use of fresh whole blood is a well-established military practice that has saved the lives of thousands of American and coalition military personnel. Civilian use of fresh whole blood is far less established owing to the wide availability of individual blood components. However, this highly tailored blood supply is vulnerable to both natural and man-made disasters. In the event of such disruption, such as a major hurricane, it may be necessary for civilian hospitals to rapidly enact a fresh whole blood program. Therefore, the aim of this article is to review the current use of blood therapy for trauma resuscitation, the US military's approach to fresh whole blood, and how maintaining a civilian capacity for fresh whole blood collection in the event of future man-made and natural disasters is key to promoting survival from trauma. (Critical Care Nurse. 2016; 36[3] 1 Hemorrhage, in turn, quickly leads to hypoperfusion, or "shock," and coagulopathy.
Hemorrhage Transfusion Practices
Transfusion practices for hemorrhage have evolved in the past 100 years. This transformation has included the use of FWB, which began around World War I and since has been approved by the US Food and Drug Administration, followed by modified whole blood, and the current use of BCT and crystalloid solutions. 7 Whole blood and its components, such as platelets, fresh frozen plasma (FFP), and cryoprecipitate are cornerstones of resuscitation. For instance, whole blood transfusion was considered the most important medical advance of World War I. 8 When the fractionation of blood products was developed around World War II, treatment with BCT became the standard primarily because of the ease of storage and the ability to elicit specific effects (eg, packed red cells for low hematocrit). 9 This change to component therapy occurred without robust research aimed at comparing health outcomes between FWB and BCT. 9, 10 Additionally, guidelines from the Food and Drug Administration regarding blood storage are based on red blood cell (RBC) membrane integrity and adenosine triphosphate levels within the cell and not on oxygen delivery to the tissues. 11 These concerns regarding the safety and effectiveness of transfusing older blood products as well as the lack of clinical outcomes to demonstrate the superiority or even equivalence of BCT to whole blood has resulted in a renewed interest in FWB therapy.
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Blood Component Therapy
Historically, FWB was used to treat exsanguinating trauma.
14 However, by the late 1980s, BCT became the normal practice. 9 Component therapy is purported to reduce infectious disease transmission and improve resource utilization by tailoring blood component therapy to laboratory values. 15 This BCT approach based on laboratory results was conveyed into the guidelines for massive transfusion. 16 Trauma transfusion guidelines were extrapolated from the elective surgery setting, and recent publications suggest that this practice might not be best practice given the acidosis and hypercoagulability associated with hemorrhagic shock. 15, 17 Recent reports now indicate that use of a 1:1:1 ratio (ie, equal units of FFP, RBCs, and platelets) of component therapy, mirroring the naturally occurring physiological ratios in whole blood, leads to improved outcomes. 6, 18, 19 Achieving the rapid administration of a 1:1:1 ratio is challenging for even the most experienced staff in trauma centers and all the more arduous in a mass casualty or disaster situation.
Component therapy, however, becomes a logistical challenge in austere environments, such as when bloodbanking capabilities are not proximal to the hospital or basic services are markedly disrupted (eg, natural disasters). First, "cold chain" storage with precise environmental control is required regardless of distance or time. Additionally, the short shelf life of platelets (4 days) 20 can easily cause a disruption in supply any time that minor delays in blood banking occur.
Fresh Whole Blood: Forward Deployed Settings
Transfusion of FWB in US civilian care has declined markedly since the late 1970s. 21, 22 The fractionation of blood into components led to precise quality control and allowed a tailored approach to resuscitation. FWB has continued, however, to be used in the US militaryespecially in challenging environments where collection of platelets by apheresis is impractical. 23 Termed the "walking blood bank" (WBB), a prescreened pool of donors who are immediately available to provide blood for others is a well-established military trauma model. 20 Every US military operation in the past 100 years has used FWB for resuscitation after hemorrhage. 24 Table 1 25 According to a DoDTR query by the authors, a total of 1607 units of FWB were used in Afghanistan from 2010 to 2013 (Figure 1) . A comparison of the use of FWB and blood components ( Figure 2) indicates that although FWB use is lower than RBC use from 2010 through 2013, FWB is consistently used in military trauma resuscitation.
Fresh Whole Blood: Aircraft Carriers
Aircraft carriers are "floating cities," home to 5000 crew members working in a heavily industrialized environment that weighs 97 000 tons and rises 10 stories high. These are dangerous settings where planes loaded with explosive ordnance are launched and recovered day and night in all weather and sea conditions. Hazards include heavy machinery or fuel and steam pipes. The danger for crush and blast injuries, falls, burns, and countless other perils is ever present. A culture of safety helps to mitigate episodes of major trauma, and extensive medical screening reduces the incidence of preexisting conditions that could require transfusion therapy. Despite these efforts, aircraft carriers are dangerous places, and the scope of medical care is limited to a small medical team capable of performing damage control surgery and postoperative care. 26 The short shelf life of platelets and blood component storage requirements that limit BCT availability for US military ground units also affect US Navy ships. In addition to the remote settings at sea, ships are always on the move, traveling thousands of miles from reliable blood banking services. The time-consuming, resource-intensive process entailed multiple flights to and from the ship, linking it with blood banking hubs in order to keep usable blood products on standby. This put aircrew and equipment in jeopardy exclusively to maintain a blood supply that was seldom used (S. Simien, oral communication, May 2014). When one considers the cost, storage challenge, risk to air crew, and diminished value of being limited to only RBCs and crystalloid, FWB becomes the only reliable, realistic, and clinically beneficial blood product option for ships at sea.
The Walking Blood Bank
Indications
The use of FWB in military settings is reserved for casualties who are anticipated to require massive 25 and in mass casualty scenarios when the volume of casualties will outstrip available blood inventory. The decision to activate FWB collection is a medical decision that must be made by a provider who is fully aware of both the clinical situation and current availability of blood components. During the current Afghanistan military operations, a WBB program has been established on the basis of risk assessment and predicted casualties, and that program is coordinated through a joint blood program officer.
Forward Deployed Settings
Planning and prescreening are the most critical elements for a successful WBB. Prescreened WBB donors are preferentially those currently on active duty, in the active reserve, or the active National Guard because these personnel are screened annually for infectious diseases. Current policy states that Coalition (multinational) forces and foreign nationals will not be routinely used as donors because of the lack of medical infrastructure and resources required to track blood recipients for 6 months. 25 
Aircraft Carrier Procedures
Aircraft carriers use a volunteer WBB registry that is routinely updated by a variety of scheduled events. A typical ship in the preparation phase of deployment might solicit volunteers monthly during new arrival indoctrination and through quarterly registry events while at sea. A minimum of 300 registrants are maintained at all times by the ship's laboratory technicians.
The ship's senior medical officer can activate the WBB on an aircraft carrier in consultation with the ship's surgeon. The ship's public address system is used to request that WBB donors report to the screening location. This announcement is broadcast to all 5000 personnel on the ship. A unit of FWB can be ready to hang within 60 minutes from the point of donor identification to conclusion of testing. ABO typing, complete blood counts, and rapid infectious disease screenings are completed in all donors before transfusion ( Table 2) . 27 Critical to the success of any WBB program is training to ensure that registrants' response times will yield the FWB needed when the registrants are called upon. Aircraft carriers are required to test the notification system regularly during mass casualty training events. 27, 28 Arranging transport of patients begins early in the process, usually by the time the call for donors occurs.
Military Nursing Implications
The primary goals of patient care before, during, and after FWB infusion include proper blood typing and screenings of donors and recipients, ensuring that negative results are achieved on all rapid testing cards, and monitoring for hemolytic reactions. Obtaining and infusing FWB during a patient emergency can be a tense and chaotic experience. Coordination of phlebotomy and blood collection while simultaneously processing and interpreting test results from multiple donors carries a high risk for error. Figure 3 is a FWB flow sheet for trauma teams and nurses to use as a visual reference of the order and steps involved in FWB collection. Table 3 lists the key personnel and supplies required for each step outlined in Figure 3 .
Importantly, nurses need to think independently regarding the coordination and completeness of ABO/Rh and infectious disease testing for every potential donor. Blood testing should be based on current evidence and knowledge of complications, given the blood recipient's clinical status and the circumstances surrounding FWB donation. Nurses are in a good position to be the team leader coordinating the collection efforts and are also well suited to promptly recognize clinical complications, such as hemolytic reactions, should they occur. 
Civilian Nursing Implications
Fresh whole blood collection in the US civilian setting has declined significantly since the late 1970s. 22 However, many circumstances can lead to a renewed need to collect FWB. The terrorist attacks in 2001 made it clear that we are living in a world filled with risk. On September 11, 2001 , the Red Cross stopped blood product distribution from its regional centers and announced that it did not know how long the supply disruption would last, sending hospitals in the New York and Washington-Baltimore regions in search of new sources of blood. 29 Hurricane Katrina, the category 3 hurricane that killed 1300 people and left thousands stranded, demonstrated how fragile our medical infrastructure is during a catastrophic emergency. 30, 31 In response to these events, the US Department of Health and Human Services Advisory Committee on Blood Safety recognized the need to improve the US domestic blood system. In turn, a Task Force on Domestic Disasters and Acts of Terrorism 32 and the Centers for Disease Control 33 now emphasize the importance of blood supply infrastructure, including the possibility of whole blood collection. Identify prescreened donors with same blood type as the patient and escort them to the phlebotomy area; lab personnel will interview donors for suitability to donate and review the DD 572 to determine if the donor is a "GO" or "NO GO" for donating whole blood
Record donor temperature, heart rate, and blood pressure on the DD 572 to ensure adequacy for donation: body temperature < 99.6ºF, heart rate < 100/min, and blood pressure ≤ 180/100 mm Hg Verify donor with DD 572 Label the donor bag identification number from the collection line; the unit number should be linked to the donor card (DD 572) and be unique to that individual donation Properly document in the emergency blood bank donor log; annotate bag, lot number, manufacturer, expiration date, and anticoagulant used on the donor's DD 572
Each biohazard bag kit contains: 3 red/marble-top tubes and 3 lavender-top tubes Examine blood tubes in biohazard bag (ensure identification number on the blood tubes matches the number on the DD 572 and blood bag) Label all 6 blood collection tubes with donor demographics (full name, Social Security number, date/time of collection) Label the blood collection bag (date/time of collection); do not write the donor's blood type until the blood has been typed and tested While filling the blood collection bag, periodically gently turn the bag to ensure that blood and anticoagulant are mixing properly
Blood will fill to designated line on bag (approximately 450 mL)
Donor processing and phlebotomy
Bag issues
Military use of FWB has significant implications for humanitarian assistance or disaster relief personnel working far from urban centers. These difficult situations are similar in many respects. Unreliable, unsafe, or cost-prohibitive supply chains leading to an inadequate supply of blood components (as with the example of US Navy ships) would seem particularly suitable for additional research into addressing the challenges of providing transfusion options in remote or postdisaster civilian health care operations.
Conclusion
With hemorrhage remaining the leading cause of preventable death due to trauma, the use of FWB for trauma resuscitation in combat environments and aboard deployed Navy ships is a well-established practice that improves survival rates. Clinical practice guidelines for whole blood administration provide a comprehensive guide for the establishment of WBBs that are often nurse driven. These WBBs are the only source of cryoprecipitate, platelets, and plasma in austere environments credited with saving the lives of hundreds of US and Coalition service members. The use of FWB in the civilian sector is far less established because of the availability of fractionated components, which mimic whole blood when given in a 1:1:1 ratio. Access to these components requires a robust supply chain that is vulnerable to disruption via terrorist attack and natural disaster. In the event of such disruption, it may become necessary for civilian hospitals to rapidly enact an FWB program. The merits of FWB over BCT are open for debate. What remains clear, however, is that rapid resuscitation with blood products combined with damage control surgery provides victims of trauma the best chance at survival. &&1
